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(54) IMPROVEMENTS..RELATING TO THE ATOMISING 
OF METALS 



(71) I, ALFRED RICHARD ERIC 
SINGER, Department of Metallurgy, 
University College^ Singleton Park^ Swansea, 
. British, do hereby declare the invention, for 

5 which I pray that a patent may be granted 
to me, and the method by which it is to be 
performed, to be particularly described in and 
by the following statenaent: — 

Metals are often required in the form 

10 of unoxidised dry powders. One of the 
standard methods of obtaining metals in this 

' . form is by gas or air atomising and a second 
method is by water atomising. Gas atom- 
ising has the advantage of producing a dry 

15 powder direcdy, but large volumes of rela- 
tively expensive inert gas may be necessary 
to avoid oxidation and ensure adequate atom- 
isation together with subsequent chilling of 
the liquid metal droplets to form solidified 

20 powder particles. Water atomising, an the 
other hand, ensures heavy chiUing of the 
liquid droplets but yields a wet powder, 
frequently partially oxidised, which has subse- 
quendy to be dried before use. 

25 The present invention enables dry un- 
oxidised atomised metal powder or solidified 
particles to be produced using smaller 
volumes of gas, which may be less pure than 
hitherto, together with the injection of hydro- 

30 carbon and watery the combined fluids giving 
a much higher degree of chilling of the pow- 
• der or particles than by . normal gas atomis- 
ing. The invention consists of atomising liquid 
metals with fluids consisting of lutrogen 

35 w;hich may contain limited quantities of free 
or combined oxygen, a hydrocarbon or a mix- 
ture of hydrocarbons mainly in liquid form, 
and water. 

The invention may be applied to the atom- 
40 ising of most metals including copper and 
iron and their alloys. It is particularly useftil 
for iron where low cost and the formation of 
a powder relatively free from oxide is re- 
quired. Aluminium and stainless steel may 
45 be atomised in this way but both aluminium 
and chromium have a great affinity for oxygen 
so that skins of AI2O3 and Cr-Oa will be 



formed when either free or combined oxygen 
in the form- of water or carbon dioxide is 
available in the system. 

In subsequent descriptions the examples 
used and the arguments put forward are 
concerned, with the atomisation of carbon 
steels. However the method and the equip- 
ment are not limited to such use and may be 
apphed to a wide range of ferrous and non- 
ferrous metals and alloys. 

The nitrogen used, as the main gaseous 
atomising fluid 'can be of high purity or it 
may with economic advantage be of much 
lower purity, perhaps containing small quan- 
tities of free oxygen, water vapour or oxides 
of carbon. Whereas nitrogen of such low 
purity would cause appreciable oxidation of 
iron when using normal atomising procedures, 
it is wholly satisfactory and may be rendered 
non-oxidising when used in conjimction with 
hydrocarbon and water injection. A cheap 
form of nitrogen of adequate purity for use 
in conjunction with hydrocarbon injection is 
the cleaned flue gas resulting from the bum- 
'ing of hydrocarbon fuel with air. Such gas 
after cooling, condensing surplus water and 
compressing to the atomising pressure is 
extremely cheap and consists of Ns, water 
vapour, CO and COo. It is not necessary to. 
free such gas from water vapour or the 
oxides of carbon, it is merely necessary to 
know its' composition ■ in order to ensure a 
correct balance of hydrocarbon and water 
during the atomisation process. The reactions 
occurring in the atomising chamber are com- 
plex and are temperature dependent. Because 
the atomisation process involves a rapid fail 
in. temperature from 1600°C to say 700°C 
in the case of steel, the normal thermo- 
dynamic data are, unfortunately, of limited 
value. - 

The first reaction that occurs when hydro- 
carbon is injected into the stream of liquid 
iron at high temperature is that the hydro- 
carbon is cracked to form carbon, hydrogen 
and small residual amounts of lighter hydro- • 
carbon. The finely divided carbon reacts at 
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high temperarure witb the wat« vapour pro- 
S by tte injeaed water, tie iron amng 
a a canlyst, to produce carbon monoxide 
Ind hydrogen with die absorption of heat in 
5 S)r,Lcc widi the foUowing equation: ■ 

C+H-0=CO+H, 

It is important to note that the amount 
- of free- o:^gen-in the nitrogen, should .be 
stricdy liS-^ed because sn* o^gen com- 
10 bklf with and bums part of the tgfo^^^ 
injected into the gas stream. While ^e 
products of such partial combustion pro^e 
reduciiiu u uiiditicDG in the atnmi.si n g cham- 



need to obtain a' suitable balance of the 60 
va^Ju s reactants used in the_ atonusanon 
L order to ensure diat . atomised uon or 
steel of the correct chemical compoanon is 
obtained. Generally speafcng .^a^" 
are oxidising and decarburismg » sisei at 
£gh Smperatures. Hydrocarbons and 
Si c^burising and, dependmg on the 
temperature, a CO./CO balance can b. 
achieved which is neutral to carbon sted. 
• K-is clear, -therefore, that if avoidance 70 
oiddatioa of the iron and some crfin^a- 
tion is required, then atomisaaon 
gen, either pure or impure, with ^n fce^ ■ 
of njected hydrocarbon compared with tbe 

„.„.J ;o Mnn rn nriaic. In the more 75 



toiect'ed water is appropriaic. In — - 
uLd cace it is reamred to avoid oxidation 
of 4e iron and at the same time to approadi 
n«Sal conditions either with slight carbunsa- 
tion or with slight decarburisauon. In sucb a 
.case the. rado of injected ^ro^b- to m- 80 
iected water is carefuUy matched. The e.act 
amounts of hydmcarbon and water dei«nd= 
SS-dy on the presence or otherwise of 
oxidi'ed gases in the nitrogen and on die 
Seal ^composition of the ^J^^oc^xbo^. 8d 
When the N, is fairly pare and the hydro- 
carbon is a liiht fractionJong chain samrated 
compound the propomon of l^ou^d hydro- 
carbon, to. water is anprox.mately 11 by 
weight. More hydrocarbon will give carbmis- 
L effects and less hydrocarbon wUl give 
decarburismg and evenwaUy omdismg condi- 

^°The injection of liquid hydrocarbons and 
water may be acccmplished in wo ' main 
ways. The first way is to mix a fine spray 
of the liauids widi the nitrogen stream near 
to but before it enters the mam atomisanon 
Samber This will be called the carburettor 
^SSe. The other method is to .in,ect 100 
die. liquids dirough nozzles posmoned m the 
main atomisation chamber^ This will be cabled 
the direct injection procedure. The object of 
botii procedures is to mix the flmds as com- 
pkttly as possible and at the same tmie to 105 
make the itomisation as efficient as possible. 

There are; several possible vanations m- 
volving die same principle and concept sucn 

^^fa^ The injection of hydrocarbon and 110 
water into the gas suream by means of separ- 
I^e Bozdes using either the carburettor or 
die direct mjecrion procedure; 

fbV The- injection of hydrocarbon and 
water into die gas stream by means of con- 115 
centric nozzles "using either die carburettor 
or the direct mjection procedure; 

(c) ■ The inj.ection of water by the car- 
burettor procedure and hydrocarbon by the 
direct injection procedure; 

(d) The injection of hydrocarbon by 
the carburenor procedure and water by die 
direct injection procedure. _ 

From amongst the possible vsnaucns u 



ber as sho^m by the foUowing equauon: 
^5 __cH.--+-|0==C0+H3 

the heat generated b^^^t^^^ 
of reducing chilHng of the Uquid. dropleC 
subsequent to atomisation. Tlie amount of 
combined oxygen in the form °f/attr ^apoiK 

20 carbon monoxide or carbon dioxide wh^ 
can be tolerated in tiie nitrogen is much 
■ Greater tiian die amount of free oxygen, be- 
S die water and carbon d^'f 
at hicrh temperamres widi die carbon result- 

25 ing f?om the cracking of die hydrocarbon to 
fom carbon monoxide and hydrogen wnh 
the absorption of heat in die case oi water. 
Carbon rconoxide is formed in^die case of 

• carbon dioxide accordmg to die foUowmg 

30 equation, the carbon monoxide bemg more 
stable at higher temperamres: 



C+C02=2CO. 

• ' The maximum amount of free oxygen tiiat 

can be permitted depends upon deg^«= ^ 
35 chill required but more than J % of free 
.osygen wiU cause a considerable reducuon 
of chiU 

.The term hydrocarbon is used to cover 
compounds, or mixmres of compounds ^e 

40 molecules of which consist mainly of carbon 
and hydrogen atoms, aldiough atoms of some 
o'ther elements such as oxygen may be pre- 
sent in small amounts. For most purposes 
relative freedom from certain ddetenous. 

45 elements such as sulphur arid phosphorous is 
required to avoid contamination of the atom- 
kd metal product. Gaseous hydrocarbons 
such as metiiane or namral gas may be used 
effectively in die invention but the amount 

• 50' of chilling and the amount of heat extracted 

'during atomising is not so great as m the 
case of a liquid hydrocarbon. However, such 
" gaseous hydrocarbons have, die advantage diat 

• . when delivered at high pressure tiiey can 
55 replace up to 90% of the nitrogen as die 

.atomising gas. An appropriate ejection of 
^ter is necessary to balance die hydrocarbon 
pjid mcrease die chilling effect. _ 
An important feature of the process is the 
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has been found that the most satisfactory 
results are obtained by the variation (b). This 
is the preferred variation which will be des- 
cribed here although it will.be understood 
5 that the other variations (a), (c) and (d) pro- 
duce acceptable results. 

For the purpose of explaining the inven- 
tip-n further^ xhe atomising of low carbon 
steel will be taken as an example, although 
■ 10 it is not intended to imply that the invention 
is any less , applicable to other metals. The 
operation of the invention can best be seen 
by reference to Fig. 1 which shows a vertical 
section through* an equipment for atomising 
. 15 ' low carbon steel by means of impure nitro- 
gen with liquid hydrocarbon and water in- 
jected from concentric nozzles using the 
carburettor procedure. Fig. 2 shows in greater 
detail a section through the concentric 
20 carburettor arrangement shown in Fig. 1. Fig 
3 shows a section through the atomising 
nozzles when the direct injection procedure 
is used. 

Molten steel is poured into the refractory 

25 lined tundish (1) from where it runs 
through a refractory nozzle (2) to fall in a 
liquid stream (3) into the atomising cham- 
ber (4). Nitrogen is supplied' at a pressure of 
150 psi to an axi-S5^mmetric array of nozzles 

30 (5) which ' are directed towards the faUing 
, stream of liquid steel (3) at an angle of 
approximately 15"^ to the vertical. The pipe 
(6) supplies the nitrogen to the nozzles (5). 
A hght hydrocarbon such as parafi&n or kero- 

35 senCj and water are metered under high pres- 
sure in excess of the pressure of nitrogeU;, 
to the concentric nozzle (7) which protrudes ^ 
into the nitrogen gas stream. The liquid 
hydrocarbon and water issuing from the con- 

40 centric nozzle (7) are converted into a fine 
spray and the droplets of the liquids are 
carried, .along the pipe (6) to the main atom- 
ising nozzles (5) which ejdiaust into the 
atomising chamber (4) which operates at 

45 pressm-es slightly above atmospheric. 

The concentric nozzle arrangement from 
Fig. 1 is shown in greater detail in Fig. 
2 where^ for example^ the water is fed 
■ through the central pipe (8) and the hydro- 

50 carbon is fed through the outer pipe (9) of 
the concentric nozzle. The concentric nozzle 
is positioned at the narrowest part of . a 
veamri (10) so that Hquid film formation 
on the walls of the pipe (6) in the vicinity 
- 55 of the venturi is minimised by the high gas 
flow at that point. It is necessary that the 
pumps supplying the hydrocarbon, and water 
have a positive displacement such that 
metered volumes of the liquids are delivered 

60 irrespective of the nitroee'n pressure in the 
pipe~(6). 

The jets of nitrogen, hydrocarbon and 
water issuing from the nozzles (5) shown in 
Fig. 1. impinge. on the stream of liquid steel 
65 (3) breaking it into small droplets which 



are rapidly chilled and form a shower of 
solid powder particles (11). The solid powder 
particles collect at the bonom' of the atom- 
isation chamber (4) and are discharged by 
the Archimedian screw (12) into a receiving 70 
chamber (13). The disdiarge mechanism is 
sealed into iht atomisation chamber (4) so 
that gas leakage is minimised. The used gas 
which is of high, calorific value flows out of 
die ports (14). 75 

The invenrion described above enables 
dry steel powder to be produced with a much 
smalled usage of nitrogen of lower purity 
than is normally used in gas atomising It 
also increases the rate of chiUing of the liquid 80 
metal- droplets formed by atomisation. The 
way in which the invention operates is as 
follows. The hquid hydrocarbon and water 
injected under pressure . into the nitrogen 
stream- are formed into a fine spray by the 85 
concentric nozzle (7) and the droplets are 
carried along in the nitrogen stream. Some 
of the hydrocarbon . and water evaporate 
causing the temperature of the mixed gases 
to be lowered because of the latent heat of 90 
vaporisation absorbed. The remainder per- 
sists as hquid droplets until the jet of nitro- 
gen ■ carrying the droplets meets the descend- 
ing stream of Hquid steel. The high pressure 
nitroeen disintegrates the metal stream and 95 
the liquid droplets are inomediately evapor- 
ated so absorbing a great deal of heat from 
the molten steel. On changing into hydro- 
carbon vapour and steam a great expansion 
of volume occurs which reinforces the dis- 100 
integrating effect of the nitrogen and pro- 
motes further atomdsation. In addition, the 
hydrocarbon "vapour is decomposed by the 
high temperatures involved to form hydro- 
gen, carbon and lighter residual hydro- 105 
carbons. This decomposition is accomplished 
by a further increase in gas volume which 
aids atomisation, and by. a further chilling of 
the liquid steel brought about by the endo- 
thermic decomposition. The presence of steam 110 
at high temperatures in contact with free 
carbon and iron causes the formation of CO 
and Hn by the water-gas reaction described 
oreviously. The reaction is endo-thermic 
leading to further heat- aborption from the 115 
molten steel and is accompanied by a further 
gas volume increase. To summarise^ the in- 
crease in gas volume caused by vaporisation 
and reaction effectively increases atomisation. 
The evaporarion of tie Hquid droplets and 120 
the endothermic reactions absorb large quan- 
tities of heat causing a marked chilling of 
the atomised steel. The prevailing reducing 
conditions prevent the oxidation of the steel 
during atomisation and the gas offtake from 125 
the process is a valuable fuel of high 
calorific value. 

. A similar situation develops when water 
and hydrocarbon are injected directly into 
the atomisation chamber. In this case tiae 130 



4 



1,413,651 



carburettor arrangeraent is abolished and the 
pipe (6) conveying nitrogen terminates at 
-the atomiser where the hydrocarbon and 
water are' injected direcdy. The preferred 
5 ' arrangement is shown in Fig. 3 which shows 
a section through an atomiser fitted with a 
ring of six concentric nozzles (15) disposed 

• axi-symmetrically at an angle of 15° to the 
stream of molten steel (16). Nitrogen at, for 

10 example, a pressure of 150 psi is supplied 
from the manifold (17) through the outer 
part of the nozzle (15) Aj concentric nozzle 
sirodiar to that described in 'Fig. -2 allows a 
metered high pressure jet of water and hydro-' = 

15 carbon to issue into tiie nitrogen stream. In 
this case for example ±e water is metered 

■?^T^H p nm ped through the' central pipe (18) 

and dae hydrocarbon is metered^ and pumped 
through the outer oipe (19) of the concentric 

20 nozzle at high pressure. The hydrocarbon 
and water are formed into a fine spray in the 
nitrogen stream immediately on issuing from 
the main nozzle (15) and before reachiuK 
the molten metal stream. The jets of mixed 

"25 nitrogen, hydrocarbon and water impinge on 
the molten metal stream causing it to be 
atomised into' fine hquid panicles (20) which 
solidify in flight to form powder. The re- 
actions that proceed when the jets of mixed 

30 nitrogen, hydrocarbon and water impinge on 
the molten metal stream are exacdy as des- 
cribed before. 

The benefits and disadvantages of the two 
-procedures are as follows. Tlie carburettor 

35 procedure gives good mixing of the liquid 
. droplets with the nitrogen stream and the 
equipment «is simple to construct because 
only one large concentric nozzle is needed. 
A disadvantage is .that liquid films may form 
' . 40 on the walls" of the pipe and the atomiser 
manifold causing erratic operation. The 
direct injection procedure avoids all prob- 
lems of liauid. film formation at the cost 
of greater " equipment comp-lexity. It ^ al?o 

45 has die advantage of injecting the liquid 
at high pressure in the direction of the atom- 

• ising iets thus promoting better atoc:usa- 
tion. While both procedures give very satis- 
factory results the' direct injection procedure 

50 is most favoured. 

In order to gauge the benefit that can be 
obtained by the use of the invention^ the 
following example can be given. The gas 
atomising of liquid steel on a large scale 

55 by nitrogen in iie. usual way would require 
between 4 and 6 cu.ft. of nitrogen per lb. 
of steel in order to obtain sufBcient sohdifica- 
tion before coHecdon of die powder Utilis- , 
ing the invention^ it is possible, for example, 

60 by using 2 cu.ft. of nitrogen of lower purity 
per lb. 'of steel and injecting 0.05 lbs. of a 
sulphur-free parafBn oil togedier with 0.03 • 
lbs! of water per lb. of steel, to obtain better 
atomisation, a" finer powder free from oxide^ 

65 and rapid solidification. 



It is important to reduce as far as possible 
die separation of unreacted carbon which 
may result from the cracking of ibe hydro- 
carbon at high temperatures. Good mixing 
of the hydrocarbon with the water and the 70 
nitrogen, and the direction of the jets onto 
the stream of molten steel are beneficial in 
diis respect. So too is the use of concentric 
nozzles for dehvery of die hydrocarbon and 
die water rather than the use of separate 75 
nozzles. The lighter hydrocarbon fractions 
show less tendency to the formation of free 
carbon than the heavier" fractions and are 
preferred: • . . 

In' both cases, the exit gas is a high ao 
calorific fuel at high temperamres. After ex- 
tracting any fine iron dust by electromagnetic 

separators, the exit gas may then be used as 

a very valuable high temperamre gaseous 
fuel for furnaces. In a steel plant it could 85 
also be injected- into the blast furnace, there- 
by using both the gaseous fuel and the 
surplus 'iron dust. The calorific value of 
the fuel is enhanced by the endotheimic re- 
actions proceeding in the spraying chamber. 90 
In other words, some of the unwanted heat in 
die liquid steel when atomised is stored 
chemicallv in die waste gases from which it 
can be liberated and used by subsequent 
combustion. Thus a most useful transfer of 95 
energy takes place from a situation where 
heat needs to be extracted, i.e. chilling after 
atomisation, to a simation where heat energy 
is required, i.e. the burning of ' the exit 
gases." 100 

The invention is particularly beneficial 
where it is required 'to manufacmre dry 
metal powder from molten metals. Fine 
chilled powders may be obtained by this 
means. The formation of coarsely atomised 105 
sohdified metal particles is also gready facili- 
tated because the chilhng effect of injected 
hydrocarbons and water is sufficient to freeze 
at least the outside skins of such particles 
to a considerable depth before tiiey are col- HO 
lected. By conventional gas atomising pro- 
cedures, the chilling and freezing of particles, 
sav, 1 inni diameter, before collection is 
difiicult because of tiieir relatively small 
'surface/ volume ratio. The invention enables H:? 
the manufacmre of such coarsely atomised 
particles to be conducted without difficulty. 
• It is to be noted that by using an impure 
nitrosen in the form of a flue gas the atom- 
isation process is conducted using only air, 120 
water and hydrocarbons as basic fluids for 
atomising. Moreover, the fuU heat energy of 
the hydrocarbons can be utilised for such 
purposes as steam raising irrespective of the 
fact', that it is also being used as an integral 1-5 
part of the atomismg process. 

WHAT I CLAIM IS: — 
1. A mediod for making metal and aUoy . 
powders or particles by atomising a stream 
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of molten metal with a mixture of fluids 

comprising nitrogen, which may be relatively 
impure^ hydrocarbons and water^ the mixture 
comprising more than 10% nitrogen, the 

5 fluids causing the moten metal to be dis- 
rupted to form liquid particles which subse- 
quendy , soHdify. 

2, A method' according to claim 1 in which 
liquid hydrocarbons and water are intro- 

.10 duced into the nitrogen stream in the form, 
of fine sprays, the pressurised rhixed fiiuds 
issuing from .an atomising nozzle or nozzles 
as a jet or jets which impinge on the molten, 
metal" stream to cause atomisation. 

15 3. A method according to claims 1 or 2 
in which the nitrogen may contain water 
vapour, . carbon monoxide, carbon dioxide, 
hydrogen and oxygen as impurities. . 
" 4. A method according to daim 1 in. 

20 which all or part of the hydrocarbon is a 
gas. 

5. A method according to any of claims 
1 tO; 4 in which the mixed atomising fluids 
are formed by entraining sprays* of hydxc- 

25 carbons and water in the nitrbgeh stream in. 
the manlier of a carburettor before the mixed 
fluids enter the molten metal atomiser. 

6. A mediod according to any of claims 
1 to 4 in which the mixed atomising fluids 

30 are formed by entraining sprays of hydro- 
carbons and water in ihe nitrogen stream 
in the molten metal atomiser. 

7. A method according to any of claims 1 
to 4 in which the mixed atomising fluids are 

35 formed by discharging nitrogen^ hydro- 
carbons and water in the atomising chamber 
by means of independent nozzles arranged so 
that the various jets and sprays are mixed 
in the atomising chamber. 

40 8. A method according to any of claims 
1 to 4 in which the mixed atomising fluids 
are formed by sprays of hydrocarbons and 
water in different positions from one another, 
which positions may be in a carburettor 

45 device, in the molten metal atomiser or inde- 
pendendy in the atomising chamber. 

9. A method according to any of claims 
1 to 8 in which the metal su*eam to be 
atomised by the mixed fluids is fonned into 

50 a curtain or an annular shape. 

10. A method according to any of the 
previous claims in which the quantities of 
hydrocarbon and water are carefully con- 
trolled, taking into accoimt the purity and 

55 known composition of the nitrogen, to obtain 
the required reducing, neutral or oxidising 
conditions in the atomising chamber when 
molten metals are beii^ atomised. 

11. A method according to any of the 



previous claims in which the quantities of 60 
hydrocarbon and water are carefully con- " 
trolled, taking into account the pmiry and 
knovr^n composition of the nitrogen, to 
obtain the required carburising, . neutral or 
decarburising condiuons, in the atomising 65 
chamber when molten iron or steel is being 
atomised. 

12. Apparams for atomising metals and 
alloys comprising a chamber, means for atom- 
ising a molten metal stream with a combined 70 
stream of nitrogen, hydrocarbon and water, 
means for collecting and removing the pow- 
der after solidificatidii and means for remov- 
ing the gas mixmre after use. 

13. Apparatus according to claim 12 in 75 
which liquid hydrocarboiis and water are 
introduced into the nitrogen • stream in the 
form of fine sprays, the pressurised mixed 
fluids being forced through nozzles to im- 
pinge on the stream of ^ molten metal to cause 80 
atomisation. 

14. Apparatus according to claims 12 
or 13 in which the mixed atomising fluids 
are fonned by entraining sprays of hydro- 
carbons and water in the nitrogen stream in 85 
the manner of a carburettor before the mixed 
fluids enter the molten metal atomiser. 

15. Apparatus according to any of claims 
12 to 14 in which the mixed atomising fluids 

are formed by entraining sprays of hydro- 90 
carbons and water in the nitrogen stream in 
the molten metal atomiser. 

16. Apparatus according to any of claims 
12 to 15 in which the mixed atomising fluids 

are fonned by discharging nitrogen, hydro- 95 
carbons and" water in the atomising cham- 
ber by means of independent nozzles arranged 
so that the various jets and sprays are mixed 
in the atomising chamber. 

17. Apparatus according to any of claims 100 
12 to 16 in which the mixed atomising fluids 

are formed by sprays of hydrocarbons and 
water in different positions from one an- 
other, which- positions may be in a carbur- 
ettor device, in the molten metal atomiser 105 
or independendy in the atomising chamber. 

18. A method of making metal powders or 
particles according to any of claims 1, 2, 
10 or 11 substantialTy as herein described. 

19. Metal powders or particles when, pro- 110 
duced by the method claimed in any of claims 

1, 2, 10 or 11. 

20. An apparams according to- any of 
claims 12 to 17 substantially as herein des- 
cribed with reference to Figures 1, 2 and 3 115 
of the accompanying drawings. 

A. R. E. SINGER. 
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